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Introduction

Uterosacral ligaments (USLs) are the principal support struc-
ture of the uterus and vagina. Weakness of these structures 
and fascial support of the distal genital tract results in pelvic 
organ prolapse (POP) (1). In women, POP affects the quality 
of life negatively. It usually presents with urinary and fecal 
incontinence, pelvic pain, and sexual dysfunction due to dis-
ruption of the pelvic anatomy (2). The reported prevalence of 
POP is around 40% in the female population. Approximately 
11-30% of patients who are managed surgically experience 
recurrent prolapse and are reoperated (3).
Despite the great amount of knowledge about the growth and 
differentiation of the reproductive tract, we have very little 
information regarding the molecular pathways of the devel-
opment of the USL. The uterosacral ligaments are condensed 
bands of tissue formed from the endopelvic fascia attached 
to the posterior uterine cervix and the anterior face of the 
sacrum (4).
Studies report differentially expressed extracellular matrix 
(ECM) proteins in uterosacral ligaments and vaginas from 

women with pelvic organ prolapse (POP) (4-10). Gene expres-
sion patterns, including Hox/HOX, modulate the ECM (11). 
Particularly, HOXA11, which regulates collagen and matrix 
metalloproteinase (MMP) expression, has a primary role in the 
development of the lower uterine segment and cervix.
Proteinases secreted by connective tissue cells corrupt col-
lagen. The MMPs are a group of proteinases that degrade the 
extracellular matrix and components of the basement mem-
brane (12). Type IV collagen, a primary component of the 
basement membrane, is degraded by MMP-2 (13, 14). Thus, 
it may be postulated that elevation of MMP-2 expression may 
lead to progression of POP. Recent studies show that HOXA11 
expression was decreased in patients with pelvic organ pro-
lapse (15, 16). The aim of the current study was to compare 
expression of HOXA11 and MMP2 in USLs of women with and 
without POP.

Material and Methods

A prospective sequential cross-sectional study was per-
formed with a total of 33 women. This study was approved 
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by the local ethics committee and institutional review board of 
the Zekai Tahir Burak Women’s Health Education and Research 
Hospital and the Başkent University Faculty of Medicine (Project 
no: KA11/47). Written informed consent was obtained from all 
volunteers. The ethical principles for medical research involv-
ing human subjects enunciated in the 18th World Medical 
Association Declaration of Helsinki were applied. All patients 
were evaluated for the presence of pelvic prolapse according 
to the quantification system advocated by the International 
Continence Society (17). Women with stage II POP or greater 
were assigned to the POP group. Eighteen women were diag-
nosed with POP - mild POP (stage 2), (n:9) and severe POP 
(Stage 3-4), (n:9) - and underwent vaginal hysterectomy, while 
15 women were established with benign gynecologic disorders 
and underwent total abdominal hysterectomy. Women with 
systemic disease, previous pelvic surgery, hormone use, or 
obesity were excluded from the study.
Specimens were collected from women undergoing vaginal 
or abdominal hysterectomy at our institution. Data regarding 
age and parity were recorded. At the time of surgery, 5 mm 
samples of the USLs were taken from the proximal ligament at 
its insertion into the cervix, where the ligament is consistently 
identifiable.

Real-Time PCR Analysis
Total RNA was isolated from 18 patient and 15 control 
uterosacral ligament tissue samples with TriPure isolation 
reagent according to the manufacturer’s instructions (Roche 
Diagnostics GmbH, Mannheim, Germany). The quality and 
quantity of RNA were determined with a NanoDrop 2000 
Spectrophotometer (Thermo Scientific, Wilmington, DE, USA). 
One microgram of total RNA was reverse-transcribed using the 
Transcriptor First-Strand cDNA Synthesis Kit (Roche Diagnostics 
GmbH, Mannheim, Germany). Real-time ready catalog assays, 
which are short FAM-labeled hydrolysis probes containing 
locked nucleic acid, were used for RT-PCR reactions (Roche 
Diagnostics GmbH, Mannheim, Germany). Expression levels 

of homeobox A11 (HOXA11) and matrix metallopeptidase 
2 (MMP2) were determined using semiquantitative RT-PCR 
with a Light Cycler 480 II system (Roche Diagnostics GmbH, 
Mannheim, Germany) according to the manufacturer’s instruc-
tions with a pre-incubation step at 950C for 10 minutes, followed 
by 45 cycles at 950C for 10 seconds, 600C for 30 seconds, and 
72 0C for 1 second. Semiquantitative PCR reactions were run in 
triplicate. The relative expression levels of HOXA11 and MMP2 
transcripts were calculated by the threshold cycle (Ct) and the 
2-ddCt method using beta-actin (Roche Diagnostics GmbH, 
Mannheim, Germany) as the housekeeping gene (18).

Statistical Analysis
SPSS Statistical 17 package (SPSS Inc., IL, Chicago, USA) pro-
gram was used for statistical analysis of the data. Descriptive 
statistics were expressed as mean±standard deviation for 
patient and control groups. According to these values, signifi-
cance levels were calculated with independent samples t-test 
for determining MMP9 and HOXA11 gene expression status.

Results

Table 1 shows the clinical characteristics and gene expressions 
of the groups. There were no statistically significant differences 
in age and parity between groups (p:0.076 and 0.5214, respec-
tively). Means of RNA expression of MMP2 were 1.17±0.5 and 

Table 1. HOXA11 and MMP2 means of all groups

 POP (n:18) Control (n:15) p

Mean age 56.44±4.5 53.46±12.15 0.076

Parity 4.0±1.7 3.9±2,8 0.935

HOXA11 2.57±2.4 1.94±1.4 0.376

MMP2 1.27±0.6  0.75±0.4  0.007

POP: pelvic organ prolapse
p<0.05 is significant

Table 2. Review of the literature

Author Subject Tissues (studied) Parameters Finding

Connel 2009 (3) 22 patients  USLs HOXA11 gene expression  Decreased cell proliferation 
   and cell proliferation in  and HOXA11 gene  
   USLs expression in patients with POP

Strinic 2009 (37) 40 patients with POP USLs MMP1 and MMP2 Increased MMP1 expression 
 40 Control   Unchanged MMP2 levels

Connel 2008 (14) 18 patients with POP USLs HOXA11 gene expression, Decreased HOXA11 expression,
 10 Control  MMP 2, MMP9, Collagen 1  Decreased collagen 1 and 3, 
   and Collagen 3 Increased MMP2 expression

Wieslander 2007 (39) mice Vaginal tissue MMP2, MMP9, MMP12 MMP2 and MMP9 expression  
    increased postpartum

Phillips 2006 (5) 14 patients with POP USLs MMP2 and MMP9 Increased MMP2 in vaginal tissue
 14 Control Vaginal tissue  Unchanged MMP2 levels in USLs 

Gabriel 2006 (4) 17 patients with POP USLs MMP1 and MMP2 Increased MMP2 expression
 18 Control   Unchanged MMP1 levels

USLs: uterosacral ligaments
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0.7±0.3 in the POP and control groups, respectively (p:0.003). 
Means of RNA expression of HOXA11 were 2.12±1.9 and 
1.79±1.3 in the POP and control groups, respectively (p:0.487) 
(Table 1). The distribution of MMP2 and HOXA11 gene expres-
sion values is seen in Figures 1 and 2. There was no significant 
difference of HOXA11 and MMP2 RNA expression between 
the mild and severe POP groups, mild vs control, or severe vs 
control groups.

Discussion

The incidence of pelvic prolapse is very high, and it is related 
to multiparity, age, and obesity but may occur in the absence of 
these risk factors; the pathophysiology of pelvic prolapse is still 
obscure (19, 20). However, nulliparous women without any risk 
factors may also develop POP. Therefore, a genetic predisposi-
tion may play a role as well (21-23).
Regulation of proliferation and cell death, which is controlled 
by the action of various different genes, is necessary for normal 
development and function of tissues (24). Cellular proliferation 
and apoptotic responses are regulated by HOXA11 in the devel-
oping uterus and the USLs (24, 25). In human and mice studies, 
this gene has been demonstrated to be functional in adult life 
and is believed to have a principal role in providing the plasticity 
of the uterus during different phases of the menstrual cycle and 
pregnancy (25, 26).
 We evaluated 18 women with POP and 15 women with nor-
mal pelvic support in this study. There was no difference in 
patient mean age, parity, or menopausal status between the 
two groups. We have demonstrated increased MMP-2 expres-
sion in the USLs of women with POP, a finding consistent with 
prior studies. On the other hand, we did not find a statistically 
significant difference in expression of HOXA11 in patients with 
POP vs. controls. 
Matrix metalloproteinases are secreted as an inactive form (27) 
and are capable of degrading extracellular matrix essential in 
normal and pathologic tissue remodeling processes (28-34). 
Recent evidence suggests that changes in connective tissue 
composition are at least partially involved in the pathophysiol-

ogy of POP (5, 35, 36). There are several studies related to MMP 
2 expression in the uterosacral ligaments of patients with POP. 
Phillips et al. (6) compared tissue markers of collagen metabo-
lism in uterosacral ligaments with those in vaginal tissue in 
women with uterine prolapse. They found elevated MMP activ-
ity in the vaginal skin of women, but they found no significant 
differences in the uterosacral ligaments of these women. In 
addition to this, Chen BH et al. (37) investigated quantitative 
mRNA expression of MMP-1, MMP-2, MMP-9, and their inhibi-
tors - the tissue inhibitors of metalloproteinases TIMP-1, TIMP-2, 
and TIMP-3 - in vaginal wall tissue from women with stress 
urinary incontinence compared to continent controls. They 
did not find any difference in TIMP-2, TIMP-3, MMP-2, or MMP-9 
mRNA expression between stress incontinent women and con-
trols. Also, Strinic T et al. (38) investigated MMP-1 and matrix 
MMP-2 immunohistochemical expression in uterosacral liga-
ment biopsies from women with pelvic organ prolapse (POP) 
and controls with normal pelvic support. The authors found a 
significant increase in MMP 1 immunohistochemical expression 
but no difference in immunohistochemical expression of MMP 
2 between women with POP and those without. On the other 
hand, Gabriel et al. (5) demonstrated that MMP-2 expression 
was directly related to the presence of POP, rather than to age 
or parity. In a study by Jackson et al. (36), total collagen con-
tent, solubility, and turnover were determined by matrix metal-
loproteinase activity in the vaginal epithelium of patients with 
POP. They found that a reduction in total collagen content and 
solubility was associated with pelvic prolapse. There was also 
a significant elevation in collagenolytic activity, demonstrated 
by higher levels of MMP-2 and MMP-9. In the current study, 
we found that MMP-2 expression was increased in uterosac-
ral ligament tissue from patients with prolapse ligaments. As 
mentioned above, there are some studies on this subject, and 
the results are contradictory. Referring to the pathophysiology 
of these diseases, these changes in the level of MMP2 can be 
expected. 
With respect to gene expression of HOXA11, there are some 
studies about USL and POP in the literature. Firstly, Connell et 
al. (15) compared expression of HOXA11, collagen type 1, colla-

Figure 1. MMP 2 levels in USLs from women with and without POP
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Figure 2. HOXA11 levels in USLs from women with and without POP
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gen type 3, MMP2, and MMP9 in USLs of women with and with-
out POP. They demonstrated that expression of HOXA11 and 
both collagens dramatically decreased, while MMP2 increased 
in women with POP. In a second study, Connell et al. (4) dem-
onstrated a decrease in the expression of HOXA11 and cellular-
ity in women with POP. The authors suggested that functional 
development or repair of the USL might be deteriorated by 
deficiency of HOXA11 signaling after trauma in susceptible 
women. In another study, Ma Y et al. (16) reported the develop-
ment of a mouse model of in vivo HOXA11 silencing within the 
female genital tract with abrogated gene effects on interstitial 
collagens and the gelatinase class of matrix metalloproteinases. 
They concluded that the results suggest a mechanism for the 
weakening of pelvic floor support in women, in that decreased 
HOXA11 gene expression can be associated with decreased 
collagen and increased MMP2 expression in the uterosacral 
ligaments of women with pelvic organ prolapse. In contrast, 
we did not find any decrease in expression of HOXA11 in USLs 
of patients with POP. Although Connel et al. (4, 15) showed an 
association between HOXA11 gene expression and the POP in 
their studies, we were unable to get the same result. Studies 
about the gene expression of HOXA11 and MMP2 are summa-
rized in the Table 2. As can be seen from the table, there are no 
sufficient data and consensus on this issue. For this reason, to 
clarify this topic, new studies are needed. Also, gene expression 
may vary between communities; thus, the results of this study 
may be different for every population.
This study has several limitations. First of all, our study popula-
tion has a limited number of patients versus other studies in 
the literature. Secondly, we studied only uterosacral ligaments 
of patients for two parameters. This study could be done with 
other parameters (such as MMP9, collagen 1 and 3, or HOXA 10).
In conclusion, we demonstrated that MMP2 expression was 
significantly higher in patients with POP. On the other hand, 
HOXA11 expression was not different between the groups. As 
mentioned above, many studies exist on this subject, but there 
are contradictory results. For this reason, controlled studies 
with larger series are needed.
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